Pertussis resurgence worldwide calls for new prevention strategies, as the recently 26 incorporated vaccine booster dose during pregnancy, whose aim is to protect newborns 27 from infection. In Brazil, maternal Tdap vaccination is recommended since 2014, and we 28 reported that this strategy promotes high transplacental transfer of anti-PT IgG and it is 29 effective in protecting infants early in life. Young children are the most susceptible group 30 and with higher mortality rates, however, it is not well known whether the elicited anti-31 pertussis maternal antibodies could influence in the children's immune responses further 32 in life, especially after their own vaccination against pertussis. Considering this scenario, 33 we conducted a study with children born to mothers who either received or not the booster 34 dose during pregnancy, after their primary pertussis vaccination, in order to investigate 35 the first impact of maternal immunisation on the response to infant immunisation 36 regarding the cellular immune response, while comparing with data from the literature.
RNA Extraction and Quantitative Polymerase Chain Reaction (qPCR)
RNA extraction was performed using Qiagen's RNeasy Mini kit (Qiagen, 138 Hilden/Germany), following the manufacturer's instructions. To remove any traces of 139 DNA, a DNA digestion step was performed using an RNAqueous Mini Kit (Ambion, 140 Massachusetts/USA). RNA purity and quantity were evaluated by spectrophotometry in 141 a Nanodrop (Thermo Scientific, Massachusetts/USA). RNA was reverse transcribed to 142 cDNA using an iScript cDNA Synthesis Kit (Bio-Rad, California/USA) according to the 143 manufacturer's instructions. 144 In an attempt to identify different cell types, the chosen genes were the transcription factor 145 RORC2 and the cytokine gene IL17A, representing Th17 cells, the transcription factor 146 GATA3 and the cytokine gene IL4 representing Th2 cells, and the cytokines IFNG for 147 Th1 and IL10 for regulatory response [24] . qPCR assays were run for each sample 148 7 containing cDNA as a template, specific forward (5'-3') and reverse (5'-3') primers, and Wilcoxon tests were used for inter-and intragroup analyses, and Spearman's 168 correlation coefficient was used for demographic and experimental data. We used α=5%, 169 95% confidence interval, level of significance=5% and 2-sided tests. The study population consisted of young children born from women who received (VC) 173 or not (NVC) a Tdap boost dose during pregnancy (Table 1) . Samples were randomly 174 chosen from a larger cohort described by . The groups presented 175 a similar and representative demographic profile when compared to the larger cohort.
176
In order to evaluate whether Tdap vaccination during pregnancy could induce 177 modification in the cellular immune response of children, we evaluated a few related 178 genes and cytokines that could represent the main cells in the cellular immune response, 179 herein described as Th1, Th2 and Th17.
180
Transcriptional profile (Figure 1) showed no difference between groups, though the 181 median levels of GATA3, IL10 and IFNG were higher in children born to nonvaccinated 182 mothers. When comparing the normalized expression of both basal and stimulated 183 condition between groups, NVCs had lower levels for the basal condition concerning 184 GATA3 (p=0.0279) and IFNG (p=0.0290) expression. In the stimulated condition, the 185 differences disappear, so the higher median level in the fold change analysis can indicate 186 that in order to achieve the same expression upon PT stimulation, NVCs must have a 187 greater increase in the expression of GATA3 and IFNG due to the lower basal expression.
188
To verify whether the results found in gene expression reflected the cytokine production, 189 cytokines from Th1, Th2 and Th17 profiles were quantified via flow cytometry (Table   190 2). PHA stimulation was used as a positive control in a few samples for the main cytokines 191 for the 3 Th profiles, due to samples and kit availability.
192
In Table 2 it shown the total quantification from detectable all cytokines but IL-9 and IL-193 17F, as those values were undetectable.
194
Overall, TNF, IFN-γ, IL-13 and IL-6 were the most produced cytokines in both groups, 195 with IL-6 being more produced in PT-stimulated cells derived from children born to 196 9 vaccinated mothers (VC). In contrast, IL-2 was higher is children whose mothers were 197 not vaccinated (NVC).
198
As both groups showed simultaneous IFN-γ and IL-13 production, which could indicate 199 a mixed Th1/Th2 response or a good response by individuals to all cytokines, we 200 evaluated the correlation between cytokines from different profiles, looking for a 201 predominant response in all individuals or whether some individuals were indistinctly 202 good responders to all T helper cell profiles (data not shown). However, no correlation 203 was found between groups or cytokines. Individual responses were different from each 204 other, making it challenging to find a correlation in a small group.
205
Regarding infants with higher cytokine levels, we analysed whether factors such as Tdap the neonatal humoral response, as the study made by Ibrahim et al. [29] . Women that did 219 not receive Tdap during pregnancy but had detectable pertussis antibody levels showed 220 that maternal antibody titres at delivery did not blunt infant vaccine response among 221 children that receive at least 2 wP doses, and the authors observed that infant antibody 222 titres increased with increasing maternal antibody levels against all pertussis antigens. A
223
Brazilian study found that Tdap maternal immunization yielded significantly higher anti-
224
PT IgG levels in vaccinated mothers and their infants compared to their unvaccinated 225 counterparts and a strong positive correlation between the anti-PT IgG levels in maternal 226 and cord blood at delivery, but did not look for antibodies against other pertussis antigens 
233
In our study, we complemented the neonatal data by evaluating the cytokine productions 234 in older children, with the complete primary series of vaccination against pertussis.
235
The cytokines analysed were TNF-α and IL-2, which belong to a Th1 profile, in 236 association with IFN-γ; IL-9 by Th9 cells, IL-4, IL-5 and IL-13, which contribute to the 237 Th2 response profile; IL-10 is secreted by T regulatory cells and IL-17A, IL-17F, IL-21 238 and Il-22 secreted by Th17 cells. IL-6 is an inflammatory cytokine and is important in the 239 differentiation of Th17 cells [24] . 240 We used purified PBMC stimulated with PT, for five days, as described in the literature with PT, we analysed the adaptive response directly related to this stimulation. We could 245 not determine the purity of PT used in the assays, but even with other bacterial antigens 246 present we could see cytokine production upon stimulus.
247
Despite using samples from older children, our study agrees with Lima et al. [28] in the 248 production of IFN-γ, IL-6 and TNF, which we found elevated in infants' samples, but not 249 IL-10. We also found low levels of IL-4 and IL-17A, but IL-13, which is an indicative of 250 the Th2 response and was not available in the assay the authors performed, was found 251 elevated in our samples. In all cytokines evaluated, there was one or more individuals that 252 we did not detect any production, indicating a strong variability amongst human samples. 
261
When attempting to find correlation between different cytokines production, we found 262 that in both groups every individual produced high levels of at least one cytokine. In the 263 NVC group, a correlation between IFN-γ and IL-10 could point to a balance between 264 activation and regulation, while in the VC group the same correlation was found, as well 265 as between and IFN-γ and IL-13 (data not shown). This could indicate a mixed Th1/Th2 266 profile, with IL-10 possibly balancing the production of IFN-γ and the activation of Th1 267 cells. In both groups, cytokine levels were variable between individuals, and thus, it is 268 not possible to determine a predominant response pattern.
269
According to Li et al. [33] , Th2 cells do not prevent Th1 polarization but induce their 270 apoptosis. In addition, they also observed that IL-10 could promote Th1 cell anergy 271 through negative regulation of accessory molecules or IL-12 in antigen-presenting cells.
272
Even inducing protection, maternal antibodies can also interfere with the child's vaccine show no difference in cytokine production against a bacterial antigen between groups, 293 regardless of maternal vaccination, and this could set the path to other works that will 294 13 support public health policies regarding vaccination in pregnancy. This knowledge is 295 essential to the enhancement of vaccine protocols in pregnant women and as a basis for 296 physicians and healthcare managers to recommend this strategy. 
